Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 05-1 56423 

(43)Date of publication of application : 22.06.1993 



(51)lnt.CI. 



C23C 10/56 
C22C 14/00 
C23C 24/08 



(21) Application number : 03-342149 

(22) Date of filing : 29.11.1991 



(71 Applicant : NIPPON KARORAIZU KOGYO KK 

(72)lnventor : SHAMOTO HIROYUKI 
MORIKAWA TAKASHI 
YOSHIKAWA RIHEI 
SUEYASU MASANOBU 



(54) AL-CR COMPOSITE DIFFUSION COATING TREATING AGENT FOR Tl ALLOY AND 
TREATMENT USING THE AGENT 




(57)Abstract: 

PURPOSE: To execute the Al-Cr composite diffusion 
coating treatment of a Ti alloy and to improve its 
oxidation resistance by constituting the above treating 
agent of specific wt.% of aluminum powder, chromium 
powder, ammonium chloride and the balance sintering- 
preventive powder. 

CONSTITUTION: The Al-Cr composite diffusion coating 
treating agent for the Ti alloy is constituted, by weight %, 
of 10 to 30% aluminum powder, 10 to 30% chromium 
powder, 0.5 to 5% ammonium chloride and the balance 
the sintering-preventive powder. The Ti alloy is 
embedded into this treating agent and is heated at 1000 
to 1300°C in a nonoxidative atmosphere, by which the 
Al-Cr diffusion coating layer is formed on the surface of 

the Ti alloy. Al-Cr alloy powder is compounded in place of a part or the whole of the aluminum 
powder or chromium powder. As a result, a precision polishing stage is simplified or saved. 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The aluminum-Cr compound diffusion coating processing agent of Ti system alloy which 
consists of a 10 - 30wt% aluminium powder, a 10 - 30wt% chromium powder, a 0.5 - 5wt% ammonium 
chloride, and remainder sintering prevention powder. 

[Claim 2] The aluminum-Cr compound diffusion coating approach of Ti system alloy characterized by 
forming an aluminum-Cr diffusion coating layer in the front face of the Ti system alloy concerned by 
laying Ti system alloy underground into the aluminum-Cr compound diffusion coating processing agent 
which consists of a 10 - 30wt% aluminium powder, a 10 - 30wt% chromium powder, a 0.5 - 5wt% 
ammonium chloride, and remainder sintering prevention powder, and heating at the temperature of 
1000-1300 degrees C in a non-oxidizing atmosphere. 

[Claim 3] The aluminum-Cr compound diffusion coating processing agent according to claim 1 which 
replaces with some or all of an aluminium powder or chromium powder, and blends aluminum-Cr alloy 
powder into the aluminum-Cr compound diffusion coating processing agent concerned, or the 
aluminum-Cr compound diffusion coating approach of Ti system alloy according to claim 2. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the art of heat-resistant Ti alloy which used the 
aluminum-Cr compound diffusion coating processing agent and its processing agent for forming an 
oxidation-resistant coat in the front face of Ti system alloy. 
[0002] 

[Description of the Prior Art] Ti alloy has small lightweight specific gravity, since a mechanical strength 
is high and corrosion resistance is good, it is widely used as a lightweight structural material and a 
corrosion resisting material, but in hot atmospheric air, the front face of Ti alloy oxidizes, and the oxide 
layer grows easily, and N and H are absorbed, and since it stiffens, service temperature is restricted to 
500 degrees C or less. Then, in order to give the oxidation resistance of Ti alloy, aluminum enveloping 
layer is formed in front faces, such as unalloyed ti and Ti-6aluminum-4V alloy, the attempt using the 
oxidation depressor effect of aluminum enveloping layer is made, and the effectiveness that this 
aluminum enveloping layer mitigates hydrogen embrittlement is also accepted. 

[0003] Moreover, there is a Ti-aluminum system alloy which contained aluminum 15 to 35% among the 
conventional heat-resistant Ti alloys, and usable oxidation resistance is shown in them in about 700- 
degree C atmospheric air. Although this alloy has an application suitable as a heat-resisting material in 
the stator vane stationary blade of a jet engine compressor, the blade for gas turbines for a generation of 
electrical energy, the turbine rotor for automobiles, etc., since heat-resistant temperature is low in 
addition, by laying underground and heating this alloy ingredient to the powder containing aluminium 
powder, aluminum enveloping layer is formed in that alloy front face, and the attempt which raises 
oxidation resistance by three layer of TiAl(s) is made (JP,1-1 1 1858,A). 
[0004] 

[Problem(s) to be Solved by the Invention] TiA13 formed by aluminum diffusion coating processing in 
elevated-temperature air 900 degrees C or more although oxidation resistance can be improved and 
service temperature could be made high by covering aluminum enveloping layer into Ti system alloy 
containing a high aluminum-Ti alloy The oxide film of a layer is TiA13, in order that adhesion may not 
be enough and may repeat exfoliation and playback. Since oxidation of a layer continues advancing, it is 
not enough as a heat-resisting material. 

[0005] Conventionally, chiefly, although aluminum enveloping layer of Ti system alloy front face lays 
Ti system alloy ingredient underground into the processing agent which consists of aluminium powder, 
alumina powder, and an ammonium chloride and is formed in an elevated temperature by the diffusion 
coating approach which carries out long duration heating maintenance Usually by this approach, surface 
deterioration was produced on the surface of the enveloping layer, and it was uneconomical in order to 
need many chipping allowances of the surface polish for acquiring a smooth side in a precision 
heatproof member, therefore to make aluminum enveloping layer thick beyond the need, moreover, the 
components of a configuration with a complicated turbine rotor etc. - receiving - since precise surface 
polish processing is very difficult - a front face - the smooth enveloping layer needed to be formed. 
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[0006] Artificers improved the calorize processing by the conventional powder method for heat-resisting 
steel, and already proposed how aluminum diffusion coating processing agent which mixed chromium 
powder to the aluminium powder performs diffusion coating processing (Japanese Patent Application 
No. 3-99500). This approach forms a smooth and homogeneous calorize layer by mixing chromium 
powder to aluminium powder. 

[0007] aluminum diffusion coating processing agent in which this invention contains the above- 
mentioned Cr powder - other Ti-aluminum alloy and Ti system alloy ~ applying - oxidation resistance 
and a front face - the knowledge which improves description tends to be acquired and it is going to 
offer the aluminum-Cr compound diffusion coating processing agent and its diffusion coating art for 
manufacture of the aluminum-Cr diffusion coating Ti system alloy excellent in oxidation resistance. 
[0008] 

[Means for Solving the Problem] The aluminum-Cr compound diffusion coating processing agent of Ti 
system alloy of this invention is characterized by consisting of 10 - 30wt% aluminium powder, a 10 - 
30wt% chromium powder, a 0.5 - 5wt% ammonium chloride, and a remainder sintering inhibitor. 
[0009] Moreover, the aluminum-Cr compound diffusion coating approach of Ti system alloy of this 
invention lays Ti system alloy underground into the aluminum-Cr compound diffusion coating 
processing agent which consists of 10 - 30wt% aluminium powder, a 10 - 30wt% chromium powder, a 
0.5 - 5wt% ammonium chloride, and a remainder sintering inhibitor, and is characterized by heating at 
the temperature of 1000-1300 degrees C in a non-oxidizing atmosphere. 

[0010] The aluminium powder and chromium powder in the above-mentioned aluminum-Cr compound 
diffusion coating processing agent may substitute an aluminum-Cr alloy for the part or all. In this case, 
the amount of aluminum and the amount of Cr(s) in the aluminum-Cr alloy concerned are added to 
aluminium powder and chromium powder, respectively, and it is adjusted so that it may go into the 
above-mentioned presentation-among processing agent range. 
[0011] 

[Function] When the aluminum-Cr compound diffusion coating processing agent containing aluminium 
powder and chromium powder performs diffusion coating processing on the front face of Ti alloy, at the 
temperature of 1000-1300 degrees C A part fuses aluminium powder and chromium powder, they serve 
as an aluminum-Cr alloy melt drop, the remainder lives together as an aluminum-Cr alloy solid-state, 
and an aluminum-Cr alloy melt drop and an aluminum-Cr alloy solid-state react with an ammonium 
chloride. A1C13 of a gas CrC12 It generates, and aluminum and Cr deposit on Ti alloy front face from 
these gases, spreading diffusion is carried out and an aluminum-Cr diffusion coating layer is formed. 
TiA12 which the amount of aluminum deposits to Ti alloy front face was reduced, and raised aluminum 
diffusion rate inside Ti alloy, and contained Cr by high temperature processing further in the aluminum- 
Cr diffusion coating layer by reducing aluminum activity by combination of Cr to the inside of the 
processing agent concerned The enveloping layer or TiA13 of phase single phase It is a phase to a 
surface layer TiA12 The enveloping layer of two phases which made the phase the inner layer is formed. 
[0012] When not blending chromium into the processing agent concerned, only aluminum liquid phase 
of a low-melt point point generates, and it is the gaseous phase A1C13 with a high partial pressure. Since 
it moves to an alloy front face so much, it is TiA13 of a front face. A phase and TiA12 Although the 
crystal grain of a phase makes it big and rough and surface roughness becomes large By blending 
chromium powder, aluminum activity in aluminum-Cr melt and a solid-state falls, and it is CrC12. It is 
A1C13 by generation. A partial pressure is reduced and it is TiA13. Crystal grain, such as a phase, is 
made detailed and a front face is made smooth. TiA13 Cr contained in a phase may also be participating 
in detailed-ization. 

[0013] Moreover, TiA13 in an aluminum-Cr diffusion coating layer Little ** rare ** Cr is TiA13 of the 
enveloping layer concerned to a phase. Since the oxidation rate of a layer is reduced remarkably, the 
oxidation resistance of Ti system alloy is improved. However, if it becomes high at about 8% or more of 
the Cr concentration in an enveloping layer concerned, oxidation resistance will get worse on the 
contrary. That is, spreading diffusion of the combination of the chromium powder in the processing 
agent concerned is carried out to the function to carry out homogenization smoothing of the aluminum- 
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Cr diffusion coating layer front face of Ti alloy, and to prevent surface roughness, and an aluminum-Cr 
diffusion coating layer, it raises Cr concentration, and has the function to improve oxidation resistance. 
[0014] Although the amount of aluminium powder in the aluminum-Cr compound diffusion coating 
processing agent of this invention needs to secure 10 - 30%, at the less than 10% of the amounts of 
aluminium powder, dispersion produces an aluminum-Cr diffusion coating layer in surface section 
thickness thinly, and oxidation resistance is not acquired. Moreover, if it exceeds 30%, the surface dry 
area of an aluminum-Cr diffusion coating layer will arise, and a smooth side will not be acquired. 
[0015] Moreover, although the chromium powder volume in the processing agent concerned needs 10 - 
30%, at less than 10%, in an aluminum-Cr diffusion coating layer, an aluminum-Cr diffusion coating 
layer will be in a porous surface deterioration condition, and it will be contained [ do not diffuse Cr, ], 
and oxidation resistance falls. If chromium powder volume exceeds 30%, Cr concentration in an 
aluminum-Cr diffusion coating layer will rise, and surface deterioration will arise on a front face, and it 
will become porosity near the front face, and oxidation resistance will be got worse. 
[0016] The sintering inhibitor in an aluminum-Cr compound diffusion coating processing agent works 
as support which distributes suitably and supports Ti alloy ingredient made distribute the melt drop and 
solid-state grain of an aluminum-Cr alloy homogeneity and laid underground. This sintering inhibitor 
has good alumina powder. 

[0017] Moreover, it works as mentioned above as a migration object to Ti system alloy front face of 
aluminum and Cr, using an ammonium chloride as the fusing agent which carries out melting removal of 
the oxide affix of Ti alloy ingredient front face, and the loadings are made into 0.5 - 5%. If it blends 
exceeding 5%, since an ammonium chloride is sublimated and produces loss, it is not suitable. 
[0018] If the temperature of aluminum-Cr compound diffusion coating processing is suitable and is 
lower than the processing temperature of 1000 degrees C, since aluminum and Cr will not fully be 
spread from Ti alloy front face but the aluminum-Cr compound diffusion coating layer formed will 
become thin, sufficient oxidation resistance is not acquired. [ of the range of 1000 degrees C - 1300 
degrees C ] Moreover, if it exceeds 1300 degrees C, an aluminum-Cr alloy solid-state and the powder of 
a sintering inhibitor will adhere to Ti alloy front face, surface deterioration will be produced, and a 
smooth front face will not be obtained. 
[0019] 

[Example] The loadings of the aluminium powder of an aluminum-Cr compound diffusion coating 
processing agent and chromium powder were changed, aluminum-Cr compound diffusion coating 
processing was performed into the Ti-aluminum alloy, and the trial which forms an aluminum-Cr 
diffusion coating layer was performed. 

[0020] Aluminium powder was adjusted 5 to 40%, and it adjusted chromium powder in 0 - 40% of 
range, and the aluminum-Cr compound diffusion coating processing agent considered the ammonium 
chloride as 0.5% of fixed combination, and prepared it as a sintering inhibitor of the remainder using 
alumina powder. 

[0021] The Ti-34wt%aluminum alloy for heatproofs was used for Ti alloy, and, as for the test specimen, 
it was processed into the piece of a trial of a cylindrical configuration with a diameter [ of 8mm ], and a 
die length of 10mm. 

[0022] The above-mentioned aluminum-Cr compound diffusion coating processing agent was inserted 
in the steel container, and the above-mentioned piece of a trial was laid underground into the processing 
agent concerned, and it heated in temperature of 900 degrees C - 1400 degrees C, it held in argon 
atmosphere gas for 10 hours, and aluminum-Cr compound diffusion coating processing was performed. 
[0023] The shape of front planarity of the piece of a trial after this processing was observed, the 
thickness of an aluminum-Cr diffusion coating layer was measured by microscope observation of that 
cross section, and surface aluminum concentration and Cr concentration were fUrther measured by 
EPMA. 

[0024] The enveloping layer front face of the piece of a trial after aluminum-Cr compound diffusion 
coating processing had what presents a surface deterioration-like split face, and the thing which presents 
a beautiful smooth side. Then, the enveloping layer front face of the piece of a trial was observed with 
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the scanning electron microscope (SEM). Although drawing 2 (A) is the SEM photograph of the piece 
of a trial (sample number 1) which presented the split face, the granular object of about 100 micrometers 
of big and rough grain length projected and distributed over the front face is observed. Although the 
piece of a trial (sample number 2) of this drawing (B) has produced surface deterioration on the piece 
front face of a trial, a surface granular object is an example made detailed. This drawing (C) is the SEM 
photograph of the front planar good piece of a thing trial (sample number 10) which does not have 
surface deterioration, and has made the surface granular object minute with the particle size of 2 
micrometers or less. It turned out that precise smoothing of the front face of the piece of a trial is carried 
out, so that the granular object on this front face of an enveloping layer made it detailed from the SEM 
observation result. That is, it depends for the shape of front planarity after aluminum-Cr compound 
diffusion coating processing on the particle size of a surface granular object. 

[0025] Next, heating maintenance of the above-mentioned piece of a trial which carried out aluminum- 
Cr compound diffusion coating processing was carried out at the temperature of 1000 degrees C among 
atmospheric air for 100 hours, the anti-oxidation sex test was carried out, from the weight difference 
before and behind heating of the piece of a trial, oxidation increase in quantity was computed and the 
oxidation resistance of an aluminum-Cr diffusion coating layer was evaluated. The test result was 
collectively shown in Table 1 . 
[0026] 
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[0027] Moreover, it is drawing 1 which illustrated the shape of front planarity, and oxidation resistance 
in the relation between the amount of aluminium powder in an aluminum-Cr compound diffusion 
coating processing agent, and chromium powder volume, the inside of drawing - oxidation increase-in- 
quantity 5 mg/cm2 It had the following and it was judged that oxidation resistance was good. 
[0028] The range surrounded as the continuous line in drawing 1 is the combination range of the 
aluminum-Cr compound diffusion coating processing agent of this invention. In the temperature of 
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1000-1300 degrees C, the shape of front planarity and oxidation-resistant both sides show that this 
combination range of a processing agent is good. 

[0029] Next, it replaces with the whole quantity of aluminium powder and chromium powder, and the 
example which used the aluminum-Cr alloy powder is shown. 40%, 0.5% of ammonium chlorides and 
remainder alumina powder were blended, and the aluminum-Cr alloy powder (75% of aluminum 
contents, 25% of Cr contents) was made into the aluminum-Cr compound diffusion coating processing 
agent. This combination of an aluminum-Cr alloy powder is equivalent to combination of 30% of 
aluminium powder, and 10% of chromium powder. 

[0030] The piece of a trial with a diameter [ of 8mm ] and a die length of 10mm of a Ti-34wt% 
aluminum alloy was laid under this processing agent, aluminum-Cr compound diffusion coating 
processing of 1200 degree-Cx 10 hours was performed to it, and the anti-oxidation sex test of 1000 
degree-Cx 100 hours was performed to it after that, although a result is shown in Table 2 — the front 
face of an aluminum-Cr compound diffusion coating layer — description and oxidation resistance - all 
are good. 
[0031] 
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[0032] 

[Effect of the Invention] If aluminum-Cr compound diffusion coating processing of Ti system alloy is 
carried out by the aluminum-Cr compound diffusion coating processing agent which blended the 
chromium powder of this invention, oxidation resistance is improved by the aluminum-Cr diffusion 
coating layer containing Cr of Ti system alloy, and the maximum service temperature can be raised to 
1050 degrees C in aluminum alloy Ti-14 to 36%. 

[0033] Even if it does not carry out surface polish at all in using it, for example as a turbine blade since 
it can perform easily using an aluminum-Cr diffusion coating layer front face as the front face which 
cannot finish being smooth at coincidence Even when it can be used, without reducing the rotation 
effectiveness of a turbine and carries out surface precision polish A chipping allowance can be made 
thin, since it is not necessary to thicken an aluminum-Cr diffusion coating layer beyond the need, 
diffusion coating down stream processing can be simplified, and a precision polish process can be 
simplified or skipped. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the relation of oxidation increase in quantity of the anti-oxidation sex test 
with the shape of the amount of aluminium powder in an aluminum-Cr compound diffusion coating 
processing agent, chromium powder volume, and front planarity after diffusion coating processing. 
[Drawing 2] (A), (B), and (C) are a metal texture photograph (all scale-factor; 70) according 
respectively to the scanning electron microscope of the diffusion coating layer front face of the test piece 
after the aluminum-Cr compound diffusion coating processing processing about sample numbers 1, 2, 
and 10. 
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